PIMAP39 significantly attenuates the severity of adverse host responses to LPS stimulation, and in some cases provides complete resistance to a lethal dose of LPS due to suppression of TNF-␣ production. All together, these results reveal a previously unrecognized role for the PTP4A3 pathway in response to LPS.
Introduction
Lipopolysaccharide (LPS) is a major integral structural component of the outer membrane of Gram-negative bacteria and activates monocytes and macrophages to produce cytokines such as TNF-␣ [1] . TNF-␣ , a primary cytokine mediator of immune regulation and inflammation, has been implicated as a multifaceted factor with both beneficial and detrimental functions, generating both pro-inflammatory and apoptotic effects in various cell types [2] .
LPS stimulates intracellular signaling pathways by regulating activation of cytoplasmic signaling proteins including tyrosine kinases [3] [4] [5] [6] . Recently, we found that the LITAF-STAT6B complex plays a major role in transcription of several inflammatory cytokines including TNF-␣ [7, 8] , and activation of p38 MAPK is required for LITAF gene expression in response to LPS stimulation [9] . Several studies have indicated that p38 MAPK is activated in differentiating myocytes, where NF-B activity is present [10] , but suppressed by protein tyrosine phosphatases (PTPs). In particular, dual-specificity protein phosphatases are known to play a key role in regulation of p38 MAPK activity [11] [12] [13] [14] . Altogether, these findings underscore the role of PTPs to significantly modify the biological outcome of LPS-induced pro-inflammatory response in macrophages.
Previous work from our laboratory using the OneHybrid System (Clontech) identified PTP4A3 (also called phosphatase of regenerating liver3, PRL, 1, 2 and 3) [15] [16] [17] as a potential binding protein to LITAF promoter (data not shown). Based on our interest in modulating LITAF transcriptional activity, we have pursued this avenue and investigated its involvement in LPS-induced LITAF/TNF-␣ production. Our study indicates that PTP4A3/LITAF protein-DNA interaction inhibits LITAF promoter activity. In addition, PTP4A3 regulates dephosphorylation of p38 ␣ MAPK in THP-1 or primary macrophage cells in response to LPS stimulation. Furthermore, a specific short peptide of PTP4A3, PIMAP39, is found to mimic the function of the full-length PTP4A3 for its ability to selectively dephosphorylate p38 ␣ and to indirectly downregulate LITAF/TNF-␣ production in response to LPS stimulation. This unique peptide sequence derived from PTP4A3 is highly conserved among species and unexpectedly is cell permeable both in an in vitro cell culture and in vivo systems. Treatment of animals with PIMAP39 peptide decreases the severity of the adverse host responses to LPS stimulation, and in some cases provides complete resistance to an otherwise lethal dose of LPS. All together, these results reveal a novel and previously unrecognized role for PTP4A3 in LPS signaling.
Experimental Procedures
Cell Culture All bacterial cloning constructs used Escherichia coli strain DH5␣ (Invitrogen). U2OS human osteosarcoma cells (wild type) were grown in DMEM supplemented with 10% fetal bovine serum (FBS). THP-1 cells (TIB-202; American Type Culture Collection) or mouse primary macrophages were grown in RPMI 1640 supplemented with 10% FBS. All cell cultures were maintained in a 37 ° C humidified atmosphere containing 5% CO 2 . E. coli LPS was purchased from Sigma-Aldrich. Both ultra pure E. coli LPS (a TLR4 ligand, catalog No. tlrl-pelps) and Pam3CSK4 (a TLR2 ligand, catalog No. tlrl-pms) were purchased from InvivoGen.
Primary Macrophages
Primary macrophages were obtained from C57BL/6 (wildtype) mice (The Jackson Laboratory) and purified by conventional methods [18] .
Mice
All mice (wild type) were 8-12 weeks of age and were maintained under strict pathogen-free conditions at the Boston University transgenic facility. All procedures involving animals were approved by the Institutional Animal Care and Use Committee at Boston University Medical Center.
Kinase Inhibitors AG490, U0126 and SB203580 were purchased from EMD Biosciences. Sodium orthovanadate was purchased from Sigma-Aldrich. Human THP-1 cells were treated with 10 M sodium orthovanadate (a global PTP inhibitor used for PTP4A3) [19] , 20 M AG490 (JAK inhibitor) [20] , 20 M U0126 (ERK inhibitor) [21] and 20 M SB203580 (p38 MAPK inhibitor) [22] .
PCR or RT-PCR
PCR or RT-PCR was performed using the QIAQuick RNA miniprep kit (Qiagen) and Platinum Quantitative RT-PCR ThermoScript TM One-Step System kit (Invitrogen) following the manufacturers' instructions.
Plasmid Constructs
The full-length LITAF promoter DNA, pGLP990, was used as described [23] [8] , but 1 methionine was added for initiation, as shown in figure 2 . The NF-B promoter DNA (NT_082868) was amplified by PCR with mouse normal tissue genomic DNA (BioChain) as template plus the primer pairs 5 -atggacggtgaggctgccctct-3 and 5 -tgaaagggaaagacaaggcac-3 , then inserted into pGL3-basic vector (Promega) and named pGL3NFkBP.
DNA Transfection in Cells
LPS-treated or untreated THP-1 cells or mouse primary macrophage cells were transfected with DNAs (1 g/1 ! 10 5 cells/ well) or untreated as controls by Lipofectamine reagent (Invitrogen) over night.
RNA Interference of PTP4A3
THP-1 cells (5 ! 10 6 ) were untreated or treated with 0.1 g/ml LPS (Sigma) for 3 h and washed with PBS. Cells were then transfected by Oligofectamine (Invitrogen) with 100 n M of small interfering RNA (siRNA) specific for PTP4A3 (named PTP4A3RNAi, with duplex sequences: GUACGAGGACGCCAUCCAGUU and AACUGGAUGGCGUCCUCGUAC, designed and synthesized by Invitrogen) and 100 n M of nonspecific siRNA (named NSRNAi) [8] 
Fluorescence Microscopy
Fluorescein 5-isothiocyanate (FITC)-labeled PIMAP39 was supplied by Biosynthesis Inc. FITC-PIMAP39 was solubilized in DMSO and delivered into mouse primary macrophages or mouse circulatory system. For macrophage samples, cells (5 ! 10 3 ) from 3-month-old mice were seeded over cover slips (22 mm; VWR Scientific) in 6-well plates at 37 ° C and 5% CO 2 overnight. After washing with PBS, the cells were treated with 500 ng/ml FITC-PIMAP39 (B) or DMSO (A) as control. Cells were continuously incubated in RPMI 1640 supplemented with 10% FBS at 37 ° C and 5% CO 2 overnight. The cover slips were removed from the wells and the attached cells were stained with 50 n M LysoTracker Red DND-99 (Invitrogen) for 1.5 h and then air-dried. For tissue section samples, mice were treated with 1 mg of FITC-PIMAP39 (E and F) or DMSO (C and D) as control by tail vein injection as described [24] . One hour after injection, mice were sacrificed and their livers were immediately harvested. Harvested livers were set in uniform orientations in molds using Histoprep (Fisher). Tenmicrometer-thick cross-sections were cut and transferred with a paintbrush to glass slides followed by hematoxylin and eosin staining. Cross-sections were made at -24 ° C using HM505E cryostat (Microm). Both the treated cells and sections above were exposed to visible light and fluorescent light by Olympus BX40 microscope at magnifications of 200 ! (A and B) or 1,000 ! (C-F). Images were taken with a MicroFIRE camera under uniform exposure time (1 s for fluorescent light, 30 ms for visible light). The analysis of these images was performed using the software Image-Pro plus 5.0 (MediaCybernetics).
Immunoprecipitation
The lysate from the treated cells were incubated with 2 g of the appropriate antibody for 2 h at 4 ° C, followed by incubation with 20 l of protein A/G PLUS-Agarose-Sepharose beads (SC-2003; Santa Cruz Biotechnology) for an additional hour. The beads were washed 3 times in PBS buffer and then suspended in SDS sample buffer heated at 95 ° C for 5 min. The eluted proteins were applied to SDS-polyacrylamide gels.
Western Blot Analysis
Western blot was done following the manufacturers' instructions with antibodies: LITAF (611615; BD Biosciences), Actin (C-11; Santa Cruz Biotechnology), HA (sc-805), p38 (sc-535), p-p38 (sc-7973), NF-kBp65 (sc-7151), p-NF-kBp65 (sc-33020-R) and p-Akt1/2/3 (sc-7985-R). Protein fractionation (whole cell lysate, cytosol and nucleus fractions) was done using the ProteoExtract Subcellular Proteome Extraction Kit according to the manufacturer's instructions (Calbiochem). The proteins were then detected by Western blotting with the antibody against FITC (sc-65218; Santa Cruz Biotechnology) or ␤ -tubulin ( ␤ -tubulin was used as a diagnostic marker due to its expression only in nucleus, sc-5274; Santa Cruz Biotechnology).
ELISA
ELISA was done following the manufacturer's instructions (Abraxis). ELISA immunoreactivity was quantified by using a microplate reader (Bio-Rad) and graphed. Triplicate assays were performed followed by statistical analysis.
Endotoxic Shock Assay
At the age of 8-12 weeks, weight-matched wild-type mice (n = 15) weighing 20-25 g were injected intraperitoneally with lethal dose of LPS (12.5 ng LPS + 1 mg D-Gal per gram body weight), followed immediately by tail vein injection of peptides or DMSO as control. The treated mice were maintained in a normal light cycle room and provided with free access to rodent chow and water, and were monitored for their behavior and mortality every hour. The survival time of each treated mouse was recorded and a Kaplan-Meier graph was made based on the results. For blood plasma, blood was collected every 2 h after injection for a total duration of 6 h. To avoid causing death by blood loss, the duration of blood collection did not extend past 6 h. Mice were warmed under a heating lamp to promote blood flow and a small incision was made on the tail. About 10-50 l of blood was collected per animal at each time point (2, 4 or 6 h). The blood samples at each time point from mice within the same groups were pooled in order to have enough blood for ELISA. Red blood cells were removed from the sample via centrifugation at 5,000 rpm for 1 min using serum separator tubes (Fisher). Pooled plasma samples from each group were measured by ELISA (Abraxis) according to the manufacturer's instructions. ELISA immunoreactivity was quantified by using a microplate reader (Bio-Rad) and the results from the 6-hour mark were graphed.
Statistical Analysis
Statistical analysis was performed using Student's t test. The differences were considered statistically significant at p ^ 0.05.
Results

Effects of Overexpression of PTP4A3 or Its Derived Deletions on LPS-Induced TNF-␣ Production
As shown in figure 1 a, transient transfection of PT-P4A3 caused a 77.2% decrease in LITAF promoter-activated luciferase gene expression compared with the controls. To investigate a link between PTP4A3 and the LPS signaling cascade, THP-1 cells were cotreated with 0.1 g/ ml E. coli LPS and/or various inhibitors, sodium orthovanadate (a global PTP inhibitor used for PTP4A3), AG490 (JAK inhibitor), U0126 (ERK inhibitor), SB203580 (p38 MAPK inhibitor) or untreated as control. The supernatants from cell culture at each time point (2, 4, 6, 8, 10, 12, 14 and 16 h after stimulation) were collected and the potential role of these inhibitors on TNF-␣ production was measured by ELISA (Abraxis). In parallel, mRNA from each experimental group was prepared and quantified by RT-PCR. As shown by ELISA ( fig. 1 b) , with the exception of treatment with the inhibitor SB203580, which substantially reduced LPS-induced TNF-␣ expression, all other inhibitor treatments, AG490, U0126 or sodium orthovanadate, did not affect LPS-induced TNF-␣ expression compared to LPS alone. Interestingly, within 8-10 h after Step System kit (Invitrogen), 10 ng of cDNA from each test was analyzed by PCR using PTP4A3 forward primer 5 -ATGGCTCGGATGAACCGC-3 and reverse primer 5 -CTACATAACGCAGCACCG-3 . Another nanogram of cDNA was analyzed by PCR using GAPDH primer pairs (Invitrogen) as control. Densitometric analysis ( d ) of RT-PCR ( c ) with intensity values normalized to GAPDH and using the zero hour value as reference intensity by using VersaDoc (Bio-Rad). These intensity values were further statistically analyzed by Student's t test utilizing Microsoft Excel which showed that PTP4A3 expression at 8-10 h after treatment with LPS was significant. treatment, TNF-␣ levels in response to LPS alone or LPS + sodium orthovanadate-treated cells increased much more than in LPS + AG490-or LPS + U0126-treated cells. Additionally, the concentration of secreted TNF-␣ by the LPS + sodium orthovanadate-treated cells was on average 20% higher than in cells treated only with LPS at the 8-hour mark and beyond ( fig. 1 b) . Curiously, RT-PCR analysis showed that PTP4A3 expression was at a maximum between 8-10 h after treatment with LPS alone or plus inhibitor, AG490, U0126 or SB203580. No such maximum occurred with the LPS + sodium orthovanadate-treated cells ( fig. 1 c and d ). This suggests that PTP4A3 is a LPSinduced short-lived protein regulating TNF-␣ levels, and its expression is not affected by JAK, ERK or p38 MAPK, because inhibition of these kinases did not alter PTP4A3 gene expression in response to LPS. To investigate the possible involvement of PTP4A3 in LPS-induced TNF-␣ production in THP-1 cells, we treated these cells with E. coli LPS and/or DNA constructs ( fig. 2 ) . The ELISA analysis showed that overexpression of these constructs significantly downregulates LPS-induced TNF-␣ production ( fig. 3 a) , provided they contained the a.a.39-66 residue, 
PIMAP39 Modulates Endotoxic Shock
Effects of PTP4A3 and Its Derived Deletions on p38 ␣ /LITAF Signaling Pathway
We recently found that LITAF remains inactivated in the absence of p38 MAP kinase (p38 ␣ ) and that the inhibition of p38 ␣ downregulates cytokines such as TNF-␣ [9] . Based on the findings described above, we hypothesized that PTP4A3 functions within this LPSdependent p38 ␣ /LITAF signaling pathway. To test this hypothesis, THP-1 cells ( fig. 3 b) were cotreated with E. coli LPS plus pcDNA3 DNA as control ( fig. 3 b, lane 2) fig. 3 b, lane 3) . The lysate protein from each treated cell culture was analyzed by Western blot using our anti-HA antibody detecting an overexpression of PTP4A3 (lane 3), an anti-p-p38 antibody showing a significant reduction of p38 ␣ phosphorylation (lane 3) and an anti-p38 antibody showing unaffected p38 ␣ protein levels at the same time (lane 3). Also, a reduction of LITAF was observed under the aforementioned conditions (lane 3, LITAF detection). Additionally, the PTP4A3 overexpression had no effect on both the protein and phosphorylation levels of NF-B (p65) and Akt1/2/3 (lane 3) compared to the controls (lanes 1  and 2) . This suggests that PTP4A3 mediates dephosphorylation of p38 ␣ and consequently leads to the inhibition of LPS-induced LITAF production. Similar results in mouse primary macrophage cells are presented ( fig. 3 c) . To further characterize the role of endogenous PTP4A3 on p38 ␣ phosphorylation, we knocked down PTP4A3 expression using RNAi. Silencing PTP4A3 expression significantly increased p38 ␣ phosphorylation in response to LPS ( fig. 3 d, lane 3) . Consistent with the role of PTP4A3 in p38 ␣ phosphorylation, overexpression of PTP4A3 reduced LPS-induced phosphorylation of p38 ␣ ( fig. 4 d, lane 4) , while blocking PTP4A3 expression with RNAi suppressed its ability to dephosphorylate p38 ( fig. 4 d, lane 5) , suggesting that in vivo, PTP4A3 is an endogenous regulator of p38 in response to LPS stimulation. To further corroborate the role of PTP4A3 in modulation of phosphorylation of p38 ␣ , we tested whether PTP4A3 physically interacts with p38 ␣ . To this end, mouse primary macrophages were transiently transfected with PTP4A3, and the binding ability of PTP4A3 to endogenous p38 ␣ was determined by immunoprecipitation. The result showed that PTP4A3 indeed binds to p38 ␣ , further underscoring a critical role for PTP4A3 in negative regulation of p38 ␣ activity ( fig. 3 e, lane 4) as described [25] .
Effects of PIMAP39 on p38 ␣ /LITAF Signaling Pathway A short peptide (named PIMAP39; fig. 2 ) was synthesized with the amino acid sequence from a.a.39-66 (KY-GATTVVRVCEVTYDKTPLEKDGITVV) of PTP4A3, the region which we found to function as an inhibitor of TNF-␣ production, as described above ( fig. 3 a) . An FITCtagged PIMAP39, was also synthesized in order to detect and establish that the peptide could be delivered into cells or the circulatory system. As shown in figure 4 , FITC-labeled PIMAP39, delivered into primary macrophages or delivered by injection into mice, was clearly present in both the treated primary macrophages ( fig. 4 b) and the white blood cells within the liver sections ( fig. 4 g ) when observed with fluorescent light compared to the cells treated with DMSO alone ( fig. 4 a and e) . This suggests that the FITC-labeled PIMAP39 peptide enters the cells and tissues via circulating blood to produce the fluorescent signal both in vitro and in vivo. Additionally, PIMAP39 was also found to be present in the cytoplasmic region of primary macrophages after 5 h of peptide treatment as described ( fig. 4 c) . To further examine the effects of PIMAP39 on LPS-induced TNF-␣ production, a time course analysis was performed. THP-1 cells (wild type) and the primary macrophage cells (LITAF-/-) were treated with E. coli LPS plus PIMAP39 or SCpep as control. The supernatants from each cell culture at designated time points (2, 5 and 8 h after stimulation) were collected and measured by ELISA ( fig. 5 a) and the corresponding lysate protein was detected by Western blot with antibodies against p-p38 ␣ , p38 or LITAF, or actin as control ( fig. 5 b) . It is clear that PIMAP39-treated cells secreted significantly lower amounts of TNF-␣ ( fig. 5 a) , coinciding with a markedly lower p38 ␣ phosphorylation level and lower amount of LITAF protein level ( fig. 5 b, lane 5) compared to the controls ( fig. 5 b, lane 2 or 6) . Importantly, LITAF-deficient macrophages after treatment with PIMAP did not demonstrate a reduction in LPS-induced TNF-␣ production compared to untreated or SCpeptreated controls ( fig. 5 a) . Furthermore, in wild-type peritoneal mouse macrophages, the addition of PIMAP39 did not change activation/phosphorylation of JNK, ERK, p65 or IRF3 in response to either TLR4 ligand or TLR2 ligand, while PIMAP39 significantly affected LITAF activation ( fig. 5 c) .
The Effect of PIMAP39 on in vivo LPS-Induced Endotoxic Shock
To investigate how PIMAP39 mediates endotoxic shock, 3-month-old weight-matched mice were treated with a lethal dose of LPS (12.5 ng LPS + 1 mg D-Gal per gram body weight), followed immediately by a tail vein injection of PIMAP39 or controls. The treated mice were monitored for their behavior and mortality every hour. The survival time of each treated mouse was measured and graphed ( fig. 6 a) . Most control mice (LPS + DMSO and LPS + SCpep) became sick at 3-4 h and deaths occurred between 6-8 h ( fig. 6 a, black and green lines) . Treatment with LPS plus 40 g/g PIMAP39 ( fig. 6 a, red line) delayed sickness and prolonged survival time by an average of 4 h compared to the controls ( fig. 6 a, were sacrificed and their livers were harvested. Harvested livers were set in uniform orientations in molds using Histoprep (Fisher). Ten micrometer-thick cross-sections were cut and transferred with a paintbrush to glass slides followed by hematoxylin and eosin staining. Cross-sections were made at -24° C using HM505E cryostat (Microm). Both the treated cells and sections above were exposed to visible light for structure identification ( a , To assess PIMAP39 function, THP-1 cells and LITAF-/-primary macrophages were stimulated with 0.1 g/ml E. coli LPS for 3 h, washed with PBS and given fresh medium prior to treatment with 500 ng/ml FITC-PIMAP39 or SCpep as control. Two hundred microliters of supernatant was collected from each cell culture at each time point (2, 5 and 8 h) after treatment as described above. The supernatants were measured by ELISA (Abraxis) to see effects of PIMAP39 on TNF-␣ production. ELISA immunoreactivity was quantified using a microplate reader (Bio-Rad) and graphed ( a ). For genomic analysis of cells, the lysate from both THP-1 and LITAF-/-primary macrophages were detected by Western blot with antibodies against LITAF and actin. The result was attached showed that a rapid increase in TNF-␣ production occurred in control mice. However, under the same conditions, LPS + PIMAP39-treated mice maintained a 78.3% lower concentration of TNF-␣ compared to control mice. This suggests that PIMAP39 provides treated mice with a significant resistance to LPS-induced endotoxic shock by inhibiting the subsequent rise in TNF-␣ after LPS injection.
Discussion
In our recent study, we identified a transcription factor (LITAF) that interacts with STAT6(B) and forms a stable complex in the cytoplasm in response to LPS. The translocation of the LITAF-STAT6(B) complex into the nucleus significantly regulates transcription of several inflammatory cytokines including TNF-␣ [7, 8] . LPS-mediated p38 MAPK activation serves as an upstream kinase of LITAF which specifically activates LITAF gene expression [9] . p38 MAPK is activated by various growth factors and cytokines and its activity is suppressed by protein tyrosine phosphatases [11] [12] [13] 26] . In the human MTC cell line TT, SRIF stimulated the PTP activity which is associated with inhibition of proliferation and reduced MAPK activity. A dual-specificity phosphatase 1 was recently found to be essential for the control of p38 activation in LPS-activated macrophages and also to be important in regulating TNF as well as endotoxic shock after LPS treatment in mice [27] . Blockade of PTP activity with sodium orthovanadate has been shown to induce cell proliferation and increased p38 MAPK phosphorylation [28] . Our initial observation indicates that in addition to these effects, PTP activity inhibits LITAF promoter activity ( fig. 1 a) . The current study Significant differences were noted between the PIMAP39-treated mice and both the LPS alone and LPS + SCpep groups (p ! 0.0001, log-rank and Wilcoxon tests). b Blood was collected every 2 h after injection for a total duration of 6 h. Mice were warmed under heating lamps to promote blood flow, and a small incision was made on the tail. About 10-50 nl of blood was collected per animal at each time point (2, 4 or 6 h). Blood samples from mice within the same group were pooled. Red blood cells were removed from the sample via centrifugation at 5,000 rpm for 1 min using serum separator tubes (Fisher). Pooled plasma samples from the mice within each group were measured in triplets by ELISA (Abraxis) to see effects of PIMAP39 on TNF-␣ production. ELISA immunoreactivity was quantified using a microplate reader (BioRad) and the results from the 6-hour mark were graphed (only the data for LPS + DMSO and LPS + PIMAP39 are presented here due to the similarity between LPS + DMSO and LPS + SCpep).
has identified a possible link between PTP4A3 and LPSinduced p38 MAPK activation and its subsequent influence in LPS-induced cytokine production. Although the role of PTP4A3 in cancer growth and metastasis is extensively analyzed [17] , the putative function of PTP4A3 in LPS-induced inflammatory responses remains largely unknown. Our present data indicate that although PTP4A3 does not affect the activation of Akt, JAK, ERK or NF-B p65, it selectively dephosphorylates LPS-induced p38 ␣ MAPK phosphorylation in both THP-1 and mouse primary macrophages. Recent studies show that PTPs are involved in the regulation of LPS-induced production of TNF-␣ [29, 30] , but the role of PTP in this system is poorly known.
In this study, a specific short peptide (PIMAP39) is found to mimic the activity of full-length PTP4A3 to dephosphorylate p38 ␣ and to suppress LITAF/TNF-␣, production in response to LPS stimulation. The analysis of PIMAP39 shows that this unique sequence is located upstream of both the catalytic area and SH2 domain. Surprisingly, PIMAP39 peptide is able to easily penetrate into mouse primary macrophage cells in vitro and to be taken up by mouse white blood cells in vivo, without any cell delivery vehicle such as transfection agents. Indeed, treatment of mice with 40 g/g of PIMAP39, or even a low concentration (0.4 g/g), efficiently reduces septic shock symptoms associated with endotoxemia and prolongs survival time by about 4-5 h compared to controls, most likely due to the peptide efficiently downregulating LPS-induced TNF-␣ production. In support of its functional role in vivo, the analysis of blood samples from mice injected with PIMAP39 shows that these mice maintain a 78.3% lower concentration of TNF-␣ compared to control mice that typically display a rapid increase in TNF-␣ production within 6 h. The data suggest that mice treated with PIMAP39 significantly resist LPS-induced endotoxic shock most likely due to the suppression of TNF-␣ production.
Several studies indicated that mice lacking a gene such as poly (ADP-ribose) polymerase-1, or a receptor such as CC chemokine receptor 4, are resistant to LPS-induced death, suggesting that these are involved in the regulation of the NF-B signaling pathway leading to synthesis of inflammatory mediators and the development of LPS-induced endotoxic shock [31, 32] . However, these studies provide only a limited explanation of the role of these factors in LPS-induced endotoxic shock. This study provides further building blocks to elucidate LPS-LITAF-TNF complex mechanism in demonstrating that (1) PTP4A3 affects LITAF and (2) LPS-induced death in mice is reduced by 12.5% after PIMAP39 treatment, suggesting that PTP4A3 and its derived peptide, PIMAP39, can also affect LPS-induced endotoxemia. Furthermore, in wildtype peritoneal mouse macrophages, the addition of PIMAP39 did not change activation/phosphorylation of JNK, ERK, p65 or IRF3 in response to either TLR4 or TLR2 ligand, while PIMAP39 significantly affected LITAF activation suggesting that PIMAP39 prevents LPS-induced TNF-␣ production possibly by interfering with LITAF rather than NF-B. Altogether, the present data indicate that PTP4A3 may be specifically regulating LITAF-dependent events in response to LPS stimulation, and that LITAF-independent genes would not be affected by PIMAP39 treatment of cells or by altering PTP4A3 function. Additionally, we identified the specific amino acid residue of PIMAP39 (100% homologous) within a conserved region of multiple groups, including mouse, monkey and human, which will enable us to design additional animal models to further clarify the functional capabilities of PIMAP39 in alleviating the symptoms of LPS-induced diseases.
Current studies also demonstrate that LPS treatment of monocyte cells increases tyrosine phosphorylation of certain proteins, and that herbimycin A and genistein, general inhibitors of tyrosine kinases, markedly attenuated LPS-induced TNF-␣ expression both at the protein and mRNA levels. The ability of LPS to promote TNF-␣ production was further enhanced by treatment of cells with tyrosine phosphatase inhibitor, sodium orthovanadate. However, the timing of the LPS-dependent phosphorylation of proteins on tyrosine remains unclear. In the present paper we show that LPS stimulation induces an accumulation of PTP4A3 between 8-10 h, after which its expression immediately decreases and eventually returns to its normal level. During this period, the maximal level of PTP4A3 coincides with no increase in the LPSinduced TNF-␣ protein rate, suggesting that LPS-induced PTP4A3 is the short-lived protein responsible for temporally inhibiting TNF-␣ production at this time point. Afterwards, TNF-␣ production resumes due to the rapid degradation or inactivation of PTP4A3. We also found that PTP4A3 is always expressed at a basal level, and while this is a low level for most cells, such as fibroblasts, its basal expression level in THP-1 or primary macrophage cells is relatively high [unpubl. data] . In addition, cotreatment of cells with LPS and orthovanadate augmented the LPS-induced expression of TNF-␣ ( fig. 1 b-d, 8-16 h), suggesting that PTPs play an important role in the fine tuning of the immune response. Altogether, the data suggest that without PTP4A3, cells are more sensitive to LPS stimulation, but further work is required to shed new light on the mechanisms involved.
A novel role for PTP4A3 in LPS-induced cytokine activation is proposed and its interactions are depicted in the signal pathway in figure 7 . Both LITAF and STAT6B are nuclear transcription factors that regulate expression of cytokines such as TNF-␣ , IL-1 ␣ , IL-1 ␤ , MCP-1, MCP-2 and VEGF. They are induced by Porphyromonas gingivalis LPS via TLR-2 or by E. coli LPS via TLR-4. Their production is initially sequestered in the cytoplasm. Our hypothesis is that they are phosphorylated by p38 MAP kinase prior to protein-protein interactions aimed at forming a complex. This would lead to translocation of the molecules to the nucleus. In the nucleus, the complex would bind to the LITAF-specific sequence (CTCCC) present on various cytokine promoter genes and thus activates their transcription. However, overexpression of PTP4A3 would selectively dephosphorylate p38 ␣ , thereby indirectly suppressing LPS-induced LITAF/TNF-␣ production in the cytoplasm. Ultimately, a better understanding of this pathway will be instrumental for the design and development of target agents aimed at pharmacological interventions in inflammatory processes. Color version available online
